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The demographic and clinical data were analyzed from
retrospective chart review. Preoperative data included clini-
cal presentation, hematocrit, blood pressure, APACHE
(Acute Physiology and Chronic Health Evaluation) II
score, and the presence of preoperative cardiac arrest. The
APACHE II scoring system ranges from 0 to 71 and is
determined at admission on the basis of 12 physiologic and
laboratory values, as well as age and previous health status.
The physiologic factors are temperature, mean arterial pres-
sure, heart rate, respiratory rate, oxygenation, arterial pH,
serum sodium, serum potassium, serum creatinine level,
hematocrit, white blood count, and the Glasgow Coma
Scale. Chronic obstructive pulmonary disease (COPD) was
defined as the patient requiring an inhaler or steroid treat-
ment, or home oxygen dependency. Peripheral vascular dis-
ease was defined as claudication, rest pain, or nonhealing
ulcers, or a history of percutaneous or open treatment for
such symptoms. Family history included first-order relatives
only and did not include cerebral aneurysms. Cardiac arrest
was defined as asystole or ventricular fibrillation, when
available, or blood pressure measured as zero, and pulse-
lessness witnessed by trained medical staff in the field or in
the emergency department. Continuous variables were
reported as mean ± SD.
Overall in-hospital mortality rate was calculated by
including all admissions with ruptured aneurysms from
admission to the end of hospital stay, even if the patient
died in the emergency department or en route to the
operating room. In addition, preoperative mortality was
Rupture of an abdominal aortic aneurysm (AAA)
remains lethal despite rapid prehospital transport, early
diagnosis and resuscitation, expeditious surgical repair,
and progress in anesthesia and intensive care. Mortality
rates remain between 32% and 70%, with significant asso-
ciated morbidity.1-7 In a previous report of 231 patients
treated in the 1980s for ruptured AAAs, we recommended
aggressive management.3 Experience with 182 additional
patients treated during the past decade prompted us to
reexamine this policy.
METHODS
The records of 413 consecutive patients with ruptured
AAAs treated between January 2, 1980, and November
30, 1998, at the Mayo Clinic were reviewed. This group
included 231 patients analyzed in a previous report.
Patients who died in the hospital before surgical repair of
the AAA were included in the study, but those with rup-
tured thoracoabdominal, isolated iliac artery aneurysms;
pseudoaneurysms; or chronic, contained aneurysms were
excluded.
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Objective: Rupture of abdominal aortic aneurysms (AAAs) remains lethal. In a report of patients treated in the 1980s,
we recommended aggressive management. Our continued experience prompted us to reevaluate this policy.
Methods: We reviewed clinical variables affecting outcome, morbidity, mortality, and trends in mortality of all patients
managed at our institution with ruptured AAAs between January 2, 1980, and November 30, 1998.
Results: The study group included 413 consecutive patients, 339 men and 74 women. The mean age was 74.3 years
(range, 49-96); 116 (28%) patients were older than 80 years. AAA was diagnosed before rupture in 119 (29%) patients.
Eighty (19%) patients had preoperative cardiac arrest. Twenty-nine (7%) patients died before operation; 65 (17%) died
during the operation. The surgical mortality rate (30-day) was 37%; the overall mortality rate was 45% and was higher
in women (68%) than in men (40%) (P < .001). Advanced age, APACHE (Acute Physiology and Chronic Health
Evaluation) II score, initial hematocrit, and preoperative cardiac arrest were associated multivariately with 30-day mor-
tality rates by means of stepwise logistic regression (P < .05). Twelve (23%) of 53 patients with cardiac arrest survived
the operation. Logistic regression, adjusted for age, sex, and APACHE II score, demonstrated a decrease in overall and
30-day mortality rates (P < .001) over 18 years. The mean overall mortality rate was 51% from 1980 to 1984 and 42%
from 1994 to 1998.
Conclusions: The mortality rate of ruptured AAAs remains excessive, despite improvement over 18 years. Patients older
than 80 years with shock or cardiac arrest have the highest mortality rate and should be evaluated for possible endovas-
cular treatment. Because the diagnosis of AAA was unknown in more than 70% of patients, screening of the high-risk
population and elective repair are recommended. (J Vasc Surg 2001;34:41-6.)
defined as patients who arrived at our institution but died
before operative intervention. Intraoperative deaths were
recorded. The 30-day mortality and in-hospital mortality
rates of all patients taken to the operating room were doc-
umented. Major surgical morbidity, such as respiratory
failure, myocardial infarction, sepsis, bleeding, bowel
ischemia, renal failure, and wound dehiscence, was docu-
mented. Postoperative renal failure was oliguric, and dial-
ysis was required if the patient survived long enough.
Risk factors represented by continuous variables were
assessed with two sample t tests when the data were
approximately normal, and with Wilcoxon rank sum tests
when the data were found not to be sufficiently gaussian.
The effects of categorical variable risk factors were evalu-
ated with χ2 tests and Fisher exact tests. Multiple logistic
regression was used during multivariate analysis to simul-
taneously evaluate the effects of risk factors. Specifically,
stepwise selection was used to identify significant predic-
tors. Factors univariately significant were considered for
stepwise logistic regression except those variables with
10% or greater missing information or those considered to
be intraoperative patient variables. A logistic regression
model adjusted for age, sex, and APACHE II score was
developed to compare the trend of mortality over the 18-
year study period. All statistical tests were two-sided with
the threshold of significance set at P less than .05. All
analyses were conducted with SAS software (SAS Institute
Inc, Cary, NC).
RESULTS
Demographic data. The records of 413 patients, 339
men (82%) and 74 women (18%), were reviewed. The
mean age was 74.3 years (range, 49-96). A total of 116
(28%) patients were aged 80 years or older.
Preoperative data. A total of 282 (68%) patients were
transported to us from other hospitals by means of heli-
copter (108 patients [38%]) or ground ambulance (174
patients [62%]). The use of helicopter transport increased
from 33 patients in the first decade to 75 patients in the
past 8 years. A total of 119 (29%) patients knew they had
an aneurysm before the time of rupture; 66 (55%) of 119
knew for more than 1 year. Clinical history is summarized
in Table I. Family history of aneurysm was documented in
69 (24%) of 283 patients. Clinical presentation is summa-
rized in Table II, with abdominal pain occurring most fre-
quently in 335 (81%) patients. Only 22 (5%) of 413
patients did not complain of back or abdominal pain at
presentation.
Computed tomography (CT) or ultrasonography was
performed preoperatively either at our institution or at the
outside institution before transfer in 130 (31%) and 50
(12%) patients, respectively. The use of CT increased from
33 patients in the first decade to 97 patients in the past 8
years. A total of 311 patients had AAA size documented
with CT (131), ultrasonography (52), x-ray film (23),
operative evaluation (86), autopsy (17), and angiography
(2). Of 311 patients with documented AAA size, 40 had
an AAA size of 5.5 cm or smaller.
The mean lowest systolic blood pressure was 70 ± 45
mm Hg (range, 0-220). The mean APACHE II score was
16 (range, 3-47). The mean initial creatinine level was
1.65 ± 0.85 mg/dL, and the mean initial hematocrit was
31% ± 8.2%. The median time from admission to opera-
tion was 40 minutes. Twenty-nine (7%) of 413 patients
(95% CI, 5%-10%) died in the emergency department.
Intraoperative data. A total of 384 patients were
taken to the operating room. All procedures were per-
formed through a midline laparotomy. The extent of rup-
ture was retroperitoneal in 262 (68%) and extended into
the peritoneal cavity in 122 (32%) patients. Seven (1.7%)
patients had an arteriovenous fistula; six were aortocaval
fistulae and one was an aortoiliac fistula. In patients with
hypotension, a supraceliac clamp or supraceliac aortic
compression device was placed before identifying the
infrarenal aortic neck. The mean intraoperative blood
transfusion requirements were 8.6 units (range, 0-49)
including packed red cells and autologous blood. The
mean intraoperative crystalloid infusion was 4.9 ± 3.4 L.
Postoperative data. A total of 319 patients survived
surgical intervention. The mean intensive care unit stay
was 7 days (range, 0-146); mean duration of postoperative
mechanical ventilation was 4 days (range, 0-92). The
median length of hospital stay was 14 days (range, 1-160).
Major postoperative complications are summarized in
Table III. Hemorrhage, ischemic colitis, myocardial infarc-
tion, renal failure, and respiratory failure requiring tra-
cheostomy were associated with an increased 30-day
surgical mortality rate (P < .01). Bleeding was the most
common cause of postoperative death in 30 (40%) patients,
followed by multisystem organ failure in 23 (30%), myocar-
dial infarction in 9 (12%), renal failure in 7 (9%), respiratory
failure in 4 (5%), and sepsis in 3 (4%) patients.
Mortality rate. The overall mortality rate from admis-
sion to the end of hospital stay was 45% (187 of 413
patients; 95% CI, 13%-21%). Twenty-nine (7%; 95% CI,
5%-10%) deaths occurred before surgical intervention, and
65 (17%; 95% CI, 13%-21%) occurred in the operating
room. Of the 384 patients undergoing operation, 141
(37%; 95% CI, 32%-42%) died within 30 days, and an
additional 17 patients died in the hospital after 30 days,
yielding an in-hospital surgical mortality rate of 41% (158
of 384; 95% CI, 36%-46%). Table IV summarizes the mor-
tality rates associated with the first and second decade of
the study.
Univariate relationship between demographic data
and mortality rates. The mean age of patients who died
was significantly higher (76.7 years; range, 51-96) than
those who survived (72.3 years; range, 49-93) (P < .001).
The overall mortality rate was 60% for patients aged 80
years or older compared with 40% for patients younger
than 80 years (P < .001). The mortality rate was also
higher in women (68%) than in men (40%) (P < .001).
Univariate relationship between clinical variables
and mortality rates. The mortality rate for patients with
COPD was 50% compared with 41% in patients without
COPD (P = .08). More patients with renal insufficiency
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(serum creatinine level > 2.0 mg/dL) died (59%) than
those with normal renal function (41%) (P < .02). The
mortality rate for patients with coronary artery disease
(50%) was higher than for those without (38%) (P = .02).
The mean APACHE II score was significantly higher
for patients who died (20.7; range, 4-47) compared with
those who survived (12.9; range, 3-42) (P < .001). The
mean lowest systolic blood pressure was lower in patients
who died (50 mm Hg; range, 0-190) than in those who
survived (88 mm Hg; range, 0-220) (P < .001). The mean
initial hematocrit was also lower in patients who died (28%;
range, 9.7%-57.0%) than in patients who survived (33%;
range 15.0%-49.3%) (P < .001). The initial serum creatinine
level was increased in patients who died (1.8 mg/dL; range,
0.7-7.7) versus survivors (1.5 mg/dL; range 0.4-10.2) 
(P < .001).
Patients with preoperative cardiac arrest had an
increased overall mortality rate (85%) compared with
those without cardiac arrest (36%) (P < .001). Of the 80
patients with preoperative cardiac arrest, 53 underwent
surgical repair, and 12 of those patients survived (23%).
The presence of an intraperitoneal rupture conveyed a
mortality rate of 44% compared with a 33% rate in patients
with retroperitoneal rupture, but this did not reach statis-
tical significance (P = .052).
Multivariate analysis of demographic and preoper-
ative variables. Factors univariately significant were con-
sidered for stepwise logistic regression except those
variables with 10% or greater missing information or those
considered to be indicative of patient condition at opera-
tion. With the use of a stepwise multiple logistic regression
analysis, four variables were identified as the best predic-
tors of surgical mortality rate: advanced age, high
APACHE II score, low initial hematocrit, and preopera-
tive cardiac arrest (P < .05) (Table V).
Trends in mortality rates. A logistic regression
model, adjusted for sex, age, and APACHE II score,
demonstrated a decreasing trend in both 30-day mortality
rate (P < .0001, odds ratio 0.894) and overall mortality rate
(P < .0001, odds ratio 0.908) over the 18-year study period.
The overall mortality rate from 1980 to 1984 was 51% (95%
CI, 42%-60%) and 42% (95% CI, 32%-52%) for the last 5
years, 1994 to 1998. In-hospital surgical mortality rate was
46% (95% CI, 37%-56%) and 38% (95% CI, 28%-49%) for
the respective time periods.
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DISCUSSION
The mortality rate of ruptured aneurysms remains
remarkably high. The mortality rates of patients arriving at
the hospital range from 32% to 70%,1-7 and mortality rates
in some studies increased to 90% if patients who died in
transit or at home were included.5,8 Despite an increased
use of prehospital helicopter transport and improvements
in perioperative critical care management, our overall mor-
tality rate of 45% is consistent with reports from the past
two decades. There was no statistical difference in the
mortality rate from those transported by helicopter versus
ground ambulance, but this may represent a selection bias
because more critical patients are transported by air.
Several authors have identified variables associated
with an increased mortality rate from ruptured AAAs. A
previous report from the Mayo Clinic associated high
APACHE II score, low initial hematocrit, preoperative
hypotension, and COPD multivariately with increased
mortality rates.3 Similar associations have been identified
in the literature with the most recent development of out-
come prediction with a neural network technology.9,10
Turton et al10 used weighted processing elements from
the data of 102 consecutive patients with ruptured AAA to
determine four perioperative variables associated with
poor outcome. The computerized neural network identi-
fied the variables as preoperative hypotension, intraperi-
toneal rupture, preoperative coagulopathy, and preoperative
cardiac arrest.
In our series, female gender was associated univariately
with an increased mortality rate. The influence of gender
was reported by Semmens et al11 in a series of 873 rup-
Table I. Clinical history of 413 patients with ruptured
AAAs 
No. of patients (%)
Coronary artery disease 193 (48)
Peripheral vascular disease 79 (20)
Hypertension 210 (53)
Diabetes mellitus 54 (14)
COPD 133 (33)
Renal insufficiency (creatinine 53 (13)
level > 2.0 mg/dL)
Family history of AAA 69 (24)
Table II. Clinical presentation of 413 patients with 
ruptured AAAs
Signs and symptoms No. of patients (%)*
Abdominal pain 335 (81)
Back pain 235 (57)
Pulsatile mass 258 (63)
Cardiac arrest 80 (19)
*Patients may present with more than one sign or symptom.
Table III. Postoperative complications in 319 early 
survivors
Complication No. of patients (%)
Bleeding 46 (14)*
Bowel ischemia 26 (8)* 
Myocardial infarction 58 (18)*
Renal failure 88 (28)*
Wound dehiscence 22 (7)
Respiratory failure (tracheostomy) 51 (16)*
Lower extremity ischemia 13 (4)
Sepsis 73 (23)
Paraplegia/paralysis 6 (2)
*P ≤ .002 associated with 30-day mortality rate.
tured AAAs, including patients who died before admis-
sion. The overall mortality rate was 90% for women and
76% for men. The etiology of this gender difference is
unknown. Possible causes include the increased risk of
rupture at a smaller size aorta, despite generalized thresh-
olds for elective repair of aneurysms larger than 5 cm. This
theory is suggested by the threefold increase in the rate of
rupture for women in the UK Small Aneurysm trial com-
pared with men.12 Gender differences are also present in
patients with coronary artery disease, and similar influ-
ences may affect the ruptured aneurysm population.13
Evaluation of an increased mortality rate in women will
require further investigation.
Multivariate analysis of perioperative variables associ-
ated advanced age, increased APACHE II score, low ini-
tial hematocrit, and preoperative cardiac arrest with an
increased mortality rate. Johansen et al2 suggested that the
excessive mortality rate associated with cardiac arrest
might justify withholding surgical intervention in such
patients. However, of the 53 patients who went for surgi-
cal repair with preoperative cardiac arrest, 23% survived
and were dismissed from the hospital. This survival is con-
sistent with data from our first decade of experience and
reflects the potential viability of a group of patients despite
the presence of preoperative cardiac arrest.3 Therefore, we
conclude that there is no definitive group of variables,
including cardiac arrest, that would preclude surgical
intervention in a patient with ruptured AAA.
Rather than using predictive variables to identify
patients who will not survive, we would prefer to identify
patients in which conventional repair may not be ideal.
Recent reports of the role of endovascular repair in stable
patients with ruptured aneurysms are intriguing.14-16 In
their series, Ohki et al15 use a unilimb graft combined with
a femoral-femoral crossover graft. Although endovascular
technology may be inappropriate at present for patients
who undergo cardiopulmonary resuscitation because of
cardiac arrest, those in shock frequently survive hours
despite low pressure and may have enough time for CT to
determine suitability for endografts. The mortality rates of
stable but high-risk elderly patients or women could
potentially be improved with endoluminal repair. Because
approved devices are now immediately available in the
inventory of several centers, more and more ruptured
AAAs may be repaired in the near future with endovascu-
lar technology.
Within the confines of a retrospective review, it is dif-
ficult to predict the number of patients who would have
been considered appropriate for this new technique.
However, 130 (31%) patients were normotensive or
hypertensive without hypotension before surgical inter-
vention and may have been considered for endovascular
repair if it was available. This group of patients is stable
for preoperative imaging to determine the anatomic
extent of the aneurysm proximally and the presence of
concomitant thoracic or iliac aneurysms. If available with-
out delay, preoperative CT may be useful in operative
planning for both open or endovascular repair. However,
CT is not critical and should not delay operation in an
unstable patient. Because cardiac arrest and, in some
patients, shock, would preclude endovascular repair, care-
ful selection of patients with ruptured aneurysms suitable
for endovascular repair would be critical. Further investi-
gation into the use of endovascular technology for rup-
tured AAAs is warranted.
The ideal treatment of ruptured AAAs is prevention.
Approximately two thirds of our patients were unaware of
the AAA before rupture. The implementation of a screen-
ing program has been suggested to decrease the incidence
of ruptured aneurysms.17 Wilmink et al17 used ultrasound
scanning to screen all men older than 50 years and
reduced the incidence rate of ruptue by 49%. On the basis
of clinical data of our patients, screening all men and
women older than 60 years with a family history of AAA,
coronary artery disease, hypertension, or tobacco use
would have identified, electively, nearly all of the patients
in our study population who did not have a diagnosis of
AAA at the time of rupture.
Both overall and 30-day surgical mortality rates have
improved progressively over the past 18 years as analyzed
with logistic regression. Despite this statistical improve-
ment, an overall mortality rate of 42% and a surgical mor-
tality rate of 38% in the past 5 years are excessive. No
single variable should preclude surgical intervention.
Continued recognition of patients at high risk for
aneurysm rupture and repair in the elective setting with a
2% mortality rate remains the ideal treatment, either with
open or endovascular management.
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Table IV. Mortality rates by decade
1980-1989, 1990-1998, 1980-1998,
no. of patients no. of patients no. of patients
(%) n = 231 (%) n = 182 (%) n = 413
Overall 114 (49) 73 (40) 187 (45)
Preoperative 17 (7) 12 (7) 29 (7)
Intraoperative 40 (17) 25 (15) 65 (17)
30-day surgical 89 (42) 52 (36) 141 (37)
In-hospital 97 (45) 61 (36) 158 (41)
surgical 
Table V. Multivariate analysis of 30-day mortality rate
Variable Odds ratio Wald 95% CI P value
Age 1.05 (1.02, 1.09) .006
APACHE II score 1.05 (1.01, 1.09) < .001
Initial hematocrit 0.94 (0.91, 0.97) .015
Cardiac arrest 3.14 (1.39, 7.11) .006
We would like to thank Marcia A. Simonson for man-
uscript preparation.
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Dr Gregorio Sicard (St Louis, Mo). I congratulate Dr Noel
for a wonderful presentation and bringing our attention again to
the fact that we really have not made very much of an impact on
the treatment of ruptured aneurysm in the last 40 years. Mortality
rates have remained around 40% to 60%. It does not matter which
series gets reported. 
I wanted to comment on your third point you made from
your conclusions and make a comment and ask you a question.
We have been interested in the endovascular treatment of this
condition because if there is going to be a place where we can
make a real big difference, it would be in an entity where the cur-
rent treatment is around 40% or 50% mortality. Of the patients
that you looked at, how many were patients transferred to your
institution? What was the time from diagnosis to time of proce-
dure? I think that could give you an idea of the potential number
of patients that could have been treated. Of those patients who
are transferred from far away, a lot of them have CT scans. Have
you looked at a portion of those CT scans to see what percent of
those could have potentially been candidates by having a reason-
able neck? One of the problems is that ruptured aneurysms occur
more frequently with big aneurysms, which tend to have smaller
necks or dilated necks. Have you looked at that in your series?
Dr Audra Noel. Thank you. Approximately 280 patients were
transferred and that represented three quarters of the patients. If
you look at all patients, 130 patients had CT scans. That number
has increased quite a bit in the last 8 years. In the first 10 years,
only 33 patients had CTs, and in the last 8 years 97 patients were
stable enough to undergo CT. One must also consider that CT is
much more rapid now, especially spiral CT. Because a lot of CTs
were not available, I was unable to gather meaningful data about
the size of the neck. But certainly if you just look at stability of
the patient, there would have been about 130 patients whom we
could have evaluated for endovascular repair.
Dr Fred Littooy (Chicago, Ill). Very interesting presentation.
I had a question about the third of patients who had known
aneurysms. Is there any reason you can give us why they had not
been taken care of before or was it a particularly high-risk group
or were they small aneurysms? Do you have any information on
that? Second, about that group, the ones that had known
aneurysms, did they do any better (ie, they came in with a known
diagnosis and did you get to them any quicker)?
Dr Noel. Having a known aneurysm did not improve survival
by analysis with univariate or multivariate means. About 40
patients had small aneurysms of 5.5 or smaller, which might have
suggested why they were not considered for repair electively. Two
hundred eighty patients were transferred from elsewhere, and I
cannot speculate why they had not been repaired earlier. There
was a small group of patients, maybe 10 to 15, that I could say,
just by retrospective review, were extremely high risk and proba-
bly would not have been considered for elective repair. 
Dr Robert McLafferty (Springfield, Ill). I wondered if you
looked at the data and divided the patients into contained rupture
versus free rupture. These presentations are two different kettles
of fish. Additionally, you looked at preoperative shock and cardiac
arrest. I wondered if you did that multivariate regression analysis
looking at how the different factors for each patient would have
predicted the mortality in those two types of groups.
Dr Noel. Chronic-contained ruptures were not included in our
series. This reported group included only those with acute presen-
tation. We compared those with contained versus free rupture and
that difference in mortality did not reach statistical significance (P
= .052 for 30-day mortality). However, there was a trend that free
ruptures had a higher mortality, and in our previous series it did
bear out that free ruptures of AAA had a higher mortality. 
Dr F. Winegarner (Marion, Ohio). I am in a community
where it seems that when aneurysms come to us, if they are a con-
tained rupture, they survive and do pretty well with an aneurysm
repair, and if they have a free rupture and they are hypotensive,
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they usually do not make it. I am wondering where the endovas-
cular repair is going to fit into this scheme because the ones that
are going to do well with the endovascular repair are going to be
the same ones that do well with the surgery.
Dr Noel. That is true. However, there have been some series
that suggest placement of an aortic occluding balloon as part of
your initial resuscitation, perhaps in an endovascular OR, and
then assessing them for endovascular repair, might improve sur-
vival for a patient in shock. I think that treatment would proba-
bly be years down the road, but it is something that we need to
consider because clearly we are not doing any better for these
patients with traditional open repair.
Dr Mark Mattos (Springfield, Ill). I have a comment that has to
do with the cost issue. Based on your data it does not seem feasible,
from a cost-savings point of view, to treat patients over 80 years of
age in shock or women who present with a rupturing abdominal
aortic aneurysm. Would you comment on this? Do you suggest that
a screening program to evaluate for the presence of an abdominal
aortic aneurysm could be cost-effective in the United States?
Dr Noel. Well let’s not eliminate all the females right away
(laughter), but certainly the patients over 80 are a difficult group.
We don’t know that many of them are over 80 when they come in.
When they are in extremis, you treat them regardless, and you
might not know how old they are until you are done with the pro-
cedure. For example, the 96-year-old in our series was probably
treated before we really knew a lot of information about him. It has
been suggested in other papers, specifically by Dr Kaj Johansen of
Seattle, that perhaps you just should not intervene at all. But there
is no one particular variable that we could use for these patients to
withhold treatment, so at present we continue to intervene.
Regarding the cost issues, I do not know the cost of a screen-
ing protocol. A series from Britain screened every man over 50 for
aneurysms, and they reported a relative reduction in their risk of
rupture almost 50%. I believe screening would be effective, but I
do not know the cost efficiency and I cannot speak to that based
on our data.
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